Abstract: A wide array of drugs are available for the treatment of lower urinary tract symptoms associated with benign prostatic hyperplasia (BPH), but the evidence for the comparative effectiveness is controversial.
INTRODUCTION

B
enign prostatic hyperplasia (BPH) is a nonmalignant enlargement of the prostate caused by cellular hyperplasia. 1, 2 It is a bothersome and potentially severe condition that may lead to lower urinary tract symptoms (LUTS) involving weak urinary stream, hesitancy, intermittency, frequent urination, and urgency. The prevalence of BPH increases markedly with age, ranging from about 8% in men aged 31 to 40 years to approximately 80% in those aged over 80 years. 3, 4 BPH is associated with great disease burden, and it is estimated that the direct costs of medical services for BPH management in the US exceed $1.1 billion annually. 5 In the past 20 years, multiple treatment modalities for BPH have arisen, including watchful waiting, drug therapy, and surgical intervention.
Pharmacological treatment has become an accepted standard of care for BPH after reports of a series of randomized controlled trials (RCTs) showing the significant effectiveness of alpha-adrenergic blockers (a-blockers) (terazosin, doxazosin, tamsulosin, alfuzosin, and silodosin) and 5-alpha reductase inhibitors (5ARIs) (finasteride and dutasteride). 6, 7 These drugs are now widely recommended by clinical guidelines. 1, 2, 8, 9 For men with moderate to severe LUTS who predominantly have bladder storage symptoms, muscarinic receptor antagonists (MRAs) like tolterodine and fesoterodine might be considered. 1, 2 Phytotherapies such as cernilton and serenoa repens are also used for BPH but they are seldom recommended, 1, 2, 8, 9 because their clinical effects vary considerably even for a herbal drug from the same producer 10 and their effectiveness is still controversial. 11, 12 In 2011, tadalafil, a phosphodiesterase-5 inhibitor (PDE5-I), was approved for the treatment of BPH by the US Food and Drug Administration, further adding to the treatment options for BPH.
As a wide array of drugs is now available for treatment of BPH, interest has been developed in investigating their comparative effectiveness and safety. Clinical guidelines have generally suggested that the various a-blockers are equally effective. 1, 2, 8 However, many clinical trials [13] [14] [15] [16] [17] and our previous overview of systematic reviews 18 have indicated that certain a-blockers such as doxazosin may be superior to others. Some clinical trials comparing agents from different classes have indicated that a-blockers are likely to be more effective than 5ARIs. [19] [20] [21] [22] Although numerous clinical trials have been carried out to evaluate the effectiveness of drug therapies for BPH, direct comparisons among many agents are still lacking. Recently, a network meta-analysis has been performed to compare the efficacy of different drug therapies for LUTS/ BPH. 23 However, this study only included short-term trials and the literature search was not extensive. In addition, this study compared the effectiveness of different drug classes rather than individual agents; such an approach may be biased because the effectiveness of agents from the same class can be significantly different. [13] [14] [15] [16] [17] The objective of this study was to evaluate the comparative effectiveness and safety of common monodrug treatments for BPH and to provide physicians with evidence for prescribing the optimal treatment.
MATERIALS AND METHODS
Literature Searches
An electronic search of MEDLINE, EMBASE, and the Cochrane Library, from their inception to October 2013, was conducted to identify eligible studies. The search strategy consisted of search items for BPH and clinical trials using the following: keywords ''lower urinary tract symptoms,'' ''LUTS,'' ''benign prostatic hyperplasia,'' ''BPH,'' ''randomized controlled trial,'' and ''clinical trial.'' All the searches were restricted to human studies and there was no limitation on publication status or language. The MetaRegister and WHO International Clinical Trials Registry Platform were searched for ongoing studies. Reference lists of the included studies were manually checked to identify additional studies. The literature search was updated on February 2015.
Study Selection
Trials were eligible for inclusion if they were paralleldesign RCTs or cross-over studies; included patients diagnosed with BPH; compared any pair of the following drugs: terazosin, doxazosin, tamsulosin, alfuzosin, silodosin, naftopidil, finasteride, dutasteride, tolterodine, fesoterodine, solifenacin, or placebo; and treated patients for at least 2 weeks. The primary outcome for this study was the International Prostate Symptom Score (IPSS). Peak urinary flow rate (PUF), total adverse events (AE), serious or severe adverse events (SAE), withdrawal due to AE, and specific AEs were considered as the secondary outcomes. Trials were eligible if one or more of these outcomes were reported. The duplicated citations were initially removed using reference management software, and 2 authors then independently evaluated the eligibility of remaining studies by examining the titles, abstracts, and full articles sequentially. Discrepancies were resolved through discussion.
Data Extraction and Quality Assessment
Two investigators independently extracted the data using a standard form, with disagreement resolved by discussion. The following data were extracted: study information (ie, title, authors, country, publication time, patient number, and treatment duration), patient characteristics (i.e. age, weight, body mass index, BPH severity, and disease duration), intervention, control, methods (i.e. randomization, blinding, and loss to follow-up), and outcomes (i.e. estimated effects, standard error, P-value, and/or confidence interval [CI] ). We consulted the authors of original studies to collect missing information as necessary.
The methodological quality of the included studies was appraised by 2 authors independently with the Cochrane Collaboration's tool for assessing risk of bias. 24 Six domains were evaluated: sequence generation, concealment of allocation, blinding, incomplete outcome data, selective reporting, and other sources of bias.
Statistical Analysis
For the IPSS and PUF, we considered the mean changes from baseline to study end rather than the postintervention value as the effect measures. For studies that did not report the mean changes, we calculated the changes based on the baseline and final values according to the method reported in the Cochrane Handbook for Systematic Reviews of Interventions. 24 Summary effect size was calculated as mean difference (MD) and risk ratio (RR), together with the 95% CIs.
The comparative effects were initially analyzed by conducting traditional pairwise meta-analysis using a randomeffects model that accounts for both within and between-study variability. Heterogeneity among studies was assessed with the x 2 test and the I 2 -index statistic. Low level of heterogeneity was defined as I 2 25%, accompanied by P > 0.10 for the x 2 test.
Publication bias was examined through visual inspection of funnel plot asymmetry, if more than 8 studies were involved in the meta-analysis. 24 We then pooled the data including all of the drugs with a random-effects network meta-analysis model within a Bayesian framework. 25 The underlying effects and relative rank of individual drugs were calculated to provide an overall evaluation of the efficacy and safety of all drugs. We considered placebo as the reference as the largest number of patients and studies used this comparator and it had the closest link with other drugs. The deviance information criterion was calculated to determine goodness of fit of the models. 25 In addition to heterogeneity in direct comparisons, network meta-analysis also holds the assumption of similarity among trials as well as consistency between direct and indirect evidence. [26] [27] [28] [29] To verify similarities, we employed metaregression analysis by adding covariates (i.e. dosage, average age, treatment duration, baseline IPSS and PUF, and prostatespecific antigen) to the network meta-analysis model. 27, 29 To eliminate the differences in common dosage ranges among various BPH drugs, we coded the covariate for dosage as a multiple of the standard dose, as reported in the previous study. 30 The assumption of consistency was tested by comparing the residual deviance and deviance information criterion statistics between the consistency model and the unrelated mean effects model. 31 We performed sensitivity analyses according to the dosage (including studies within the therapeutic range) and study quality (excluding studies with high risk of bias regarding randomization, allocation concealment, blinding, or incomplete outcome data). All data analyses were undertaken using Review Manager (RevMan 5.2.9) and WinBUGS 1.4. This study was reported according to the PRISMA statement. 32 
RESULTS
Study Characteristics
The literature search performed in 2013 yielded 4471 potentially relevant citations, and the electronic search updated in 2015 identified 547 additional citations. Four thousand nine hundred thirteen citations were excluded after reviewing the titles and abstracts, and the full texts of 205 remaining citations were screened, finally 124 studies with 58,548 participants were included ( Figure 1 , Supplemental Digital Content-Reference of included studies, http://links.lww.com/MD/A301). Most of the included trials had been conducted in Europe (40.3%), North America (27.4%), and East Asia (25.9%). The median samplesize of the included trials was 193 (range 26-4325). Figure 2 shows the network of pairwise comparisons from the included trials. Eighty five studies were placebo controlled trials and 45 studies involved 2 or more different active compounds. Medication dose in most of the included trials (117/124) were within the therapeutic range. Regarding the patient characteristics, the median age of the patients in the included studies was 65 years (range 53.9-74.4). The symptoms of patients in the included studies ranged from moderate to severe, with a median baseline IPSS of 17.85 (range 14.1-22.1) and a PUF of 10.05 mL/s (range 6.6-13.0 mL/s). The full characteristics of included studies are presented in the Supplemental Digital Content- Table  1 , http://links.lww.com/MD/A301.
Risk of Bias
The overall methodological quality was moderate. We only included randomized studies, but most did not report the techniques for randomization (83.9%) and concealment (89.5%). Ninety seven studies were double-blinded and 9 were single-blinded. The risk of bias from incomplete outcome data was assessed as low in 110 studies. The full assessment of the study quality is available in the Supplemental Digital Content- Table 2 , http://links.lww.com/MD/A301.
International Prostate Symptom Score
Eighty nine trials including 48,854 participants contributed to the analysis of the IPSS. Table 1 presents the relative effectiveness (compared with placebo), absolute effect, and ranking of drug therapies on IPSS. The pairwise meta-analyses were generally homogenous, with 3 of 30 comparisons showing a moderate to high degree of heterogeneity. We did not identify any major differences between the results from traditional pairwise meta-analysis and network meta-analysis. Network meta-analysis demonstrated that the reduction in the IPSS from baseline for various drug therapies ranged from À3.69 to À7.06 points, with doxazosin, and terazosin yielding the greatest improvement. All drug therapies except tolterodine and solifenacin significantly improved the IPSS compared with placebo. Regarding the comparative effectiveness of various drugs, network meta-analysis demonstrated that doxazosin and terazosin were significantly more effective than tamsulosin, alfuzosin, tadalafil, naftopidil, dutasteride, finasteride, tolterodine, and solifenacin. The improvement in the IPSS was comparable among silodosin, tamsulosin, alfuzosin, naftopidil, dutasteride, vardenafil, sildenafil, and tadalafil. The full results of comparative effectiveness are presented in the Supplemental Digital Content- Table 3 , http://links.lww.com/MD/A301.
Peak Urinary Flow Rate
A total of 105 trials, including 45,955 participants, contributed to the analysis of PUF. Table 2 presents the relative effectiveness (compared with placebo), absolute effect, and ranking of drug therapies on PUF. The traditional pairwise meta-analyses were homogenous across included trials (except for the comparison between finasteride and doxazosin: P ¼ 0.03; I 2 ¼ 80%) and consistent with network meta-analysis. Network meta-analysis demonstrated that the increase in the PUF from baseline for drug therapies ranged from 0.95 to 2.91 mL/s. Doxazosin and dutasteride showed the greatest improvements. When compared with placebo, doxazosin, dutasteride, terazosin, alfuzosin, tamsulosin, naftopidil, and silodosin significantly increased the PUF. Regarding the comparative effectiveness among different drugs, network metaanalysis demonstrated that doxazosin was significantly more effective than all other drug therapies. The effectiveness of dutasteride, terazosin, alfuzosin, tamsulosin, naftopidil, and Table 3 ). The primary specific AEs reported for individual drugs varied among a-blockers (ie, dizziness, headache, and asthenia), 5ARIs (ie, impotence and decreased libido), MRAs The drug therapies in the table were sorted on effectiveness with an order from large to small. CI ¼ confidence interval, MD ¼ mean difference, NA ¼ not available, PUF ¼ peak urinary flow rate (>15 mL/s: normal).
Ã Absolute effects indicate the mean changes from baseline to study end.
(ie, dry mouth, constipation, and dizziness), and PDE5-Is (ie, headache and back pain).
Tests for Network Meta-analysis Assumptions, Sensitivity Analysis, and Publication Bias
Meta-regression analysis testing for similarity revealed that dose, age, the baseline IPSS, the baseline PUF, treatment duration, prostate volume, and prostate-specific antigen did not significantly contribute to the change estimates for IPSS or PUF (see Supplemental Digital Content- Table 4 , http://links.lww.-com/MD/A301). We did not identify any major inconsistency in models as the residual deviance and deviance information criterion statistics between consistency model and unrelated mean effects model were similar, and plots of the posterior mean deviance of individual data showed favorable linearity (see Supplemental Digital Content- Table 5 , Figure 1 , http:// links.lww.com/MD/A301).
Sensitivity analysis according to the drug dosage and methodological quality did not reveal any major influence on the IPSS and PUF (see Supplemental Digital Content- Table 6 , http://links.lww.com/MD/A301). Funnel plots evaluating the risk of publication bias were carried out in 9 of the 62 direct comparisons, and a visual inspection of these funnel plots did not show any asymmetry (see Supplemental Digital Content- Figure 2 , http://links.lww.com/MD/A301).
DISCUSSION
This systematic review provides a comprehensive evaluation of the comparative effectiveness and safety of monodrug therapies for BPH. The primary findings are as follows:
1) When compared with placebo, a-blockers, 5ARIs, and tadalafil are more effective in improving the IPSS and PUF. Sildenafil and vardenafil may significantly improve the symptoms but their effect on the PUF is limited; MRA monotherapy can neither improve the IPSS nor PUF as compared with placebo. 2) In recommended doses, doxazosin was observed to exhibit highest effectiveness among all monotherapies, followed by terazosin. 3) Drug therapies for BPH are generally mild and well tolerated. Although the primary specific AEs vary among drugs from different classes, there is no major difference in terms of total AE, SAE, and AE-related withdrawals.
a-Blockers are currently recommended as first-line therapies for BPH. In addition to a high efficacy, a-blockers are also the least costly and the most well-tolerated drugs for relieving LUTS. 33 Our study demonstrated that doxazosin and terazosin show relatively better effectiveness which is consistent with original trials. [13] [14] [15] [16] [17] Importantly, these 2 agents may be least expensive among all current BPH drugs. According to an evaluation by Consumer Reports Best Buy Drugs, the lowest average monthly cost is about US$7 for doxazosin and US$24 for terazosin, compared with approximately US$82 for alfuzosin and US$75 for finasteride. 34 The effectiveness of 5ARIs has been confirmed in this study and this was consistent with past systematic reviews. 35, 36 Of all of the drugs analyzed, the effectiveness of 5ARIs, especially of finasteride, tends to be inferior to a-blockers. It should be noted that 5ARIs act by reducing the size of the prostate gland and usually need long treatment duration, from 6 to 12 months, to improve symptoms. In this meta-analysis, we extracted data with maximum treatment duration for analysis to ensure the treatment duration was long enough for 5ARIs to achieve sufficient effectiveness. Of all the included 5ARIs related trials, over two thirds had treatment durations longer than 1 year. In the largest RCT of finasteride, 37 IPSS was improved by approximately 0.7 point at year 1, 1.2 points at year 2, and 2.1 points at year 4. Even at year 4, the effectiveness was still smaller than for most a-blockers where IPSS improvement ranged from about 2 to 3.7 points in our meta-analysis. However, strong evidence has indicated that 5ARIs have significant advantages in reducing the prostate volume, the risk of surgery, acute urinary retention, and prostate cancer. [35] [36] [37] [38] [39] Combination of a-blockers and 5ARIs may provide a strategy to bring the advantages of different classes of BPH drugs together.
Our study found MRAs can improve neither the IPSS nor the PUF, which was consistent with the findings of clinical trials. 40, 41 In clinical practice, MRAs are recommended in men with moderate to severe LUTS who predominantly have bladder storage symptoms. This study also indicated that PDE5-Is may significantly alleviate symptoms, but the improvement of the PUF is limited; this is consistent with the findings of a recently published systematic review. 42 However, PDE5-Is are currently the most effective drug therapy for treating erectile dysfunction, 43 which is another common condition in aged men. For patients with both BPH and erectile dysfunction, PDE5-Is present as a favorable choice.
We did not perform data analysis according to drug classes because direct comparison of a-blocker/5ARIs as compared to placebo showed significant heterogeneity and significant subgroup differences according to individual agents. The basic assumption for network meta-analysis is therefore not fulfilled. In addition, as the effectiveness of selective a-blockers and nonselective a-blockers are different, grouping them together may conceal these different effects.
To the best of our knowledge, this study is the most comprehensive study of monodrug therapies for BPH. An exhaustive and contemporaneous search strategy was undertaken to ensure that most eligible clinical trials were included, resulting in 124 studies and 58,548 participants being included. In addition, the data were synthesized by both traditional metaanalysis and network meta-analysis. Indirect effect estimates were obtained where direct comparisons were unavailable. Lastly, low risk of publication bias, stable sensitivity analysis, and the high consistency between the results from direct comparisons and network meta-analysis further strengthen our confidence in findings.
The limitations of this network meta-analysis arose primarily from the quality of the reviewed original trials. Because approximately 90% of the included studies did not report the techniques for the randomization and concealment, a risk of selection bias may exist. Furthermore, a risk of information bias may have to be present as 17 studies were open or did not report blinding. Adequate blinding is particularly critical for this study because the primary outcome, IPSS, is a score index based completely on patients' reports. However, the influence from study quality was probably minor because the sensitivity analysis that excluded studies with a high risk of bias did not reveal any major change in the results.
In conclusion, a-blockers, 5ARIs, and PDE5Is are effective for BPH in recommended doses, with doxazosin and terazosin appearing to be the most effective agents. Drug therapies for BPH are generally safe and well-tolerated, with no major difference regarding the overall safety profile.
